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ABSTRACT

Measurement control checks for nondestructive
assay instruments have been a constant and con-
tinuing concern at Los Alamos National Labora-
tory. This paper cummarizes the evolution of
the measurement control checks in the various
high-resolutior gamma cystems we have developed.
In-plaut experiences with these systems and
checks will be diccussed. Based on these expe-
riences, a set of measurement control checks is
recommended for high-resolution gamma-ray sys-
tems.

I. INTRODUCTION

During the paet several years, nondestruc-
tive assay (NDA) f{nstrumentation has found 4n-
creasing use in nuclear facilities for nuclear
safeguards, criticality safety, and process and
material control. It i{g generally necessary to
base these instruments on a minicomputer or
microprocessor system to achieve ease of opera-
tion in assayist {nteraction, data collection,
data reduction, instrument calibratinn, and
record atora,e. In mome cases, this {instrumen-
tation {a {integrated into the overall wspecial
nuclear materiale (SNM) control systems of fa-
cilities to give “"real-time" nuclear material
control. Because the NDA instrvmentation often
provides the input to the SNM accountability
wyswtem, it {m carential to have a well-designed
quality awsurance program of the NDA-generated
AHRAY remults.

For many years, Loa Alamon National Labora-
tory has been designing NDA {nstruments to be
uned in a variety of nuclear procesaing plants
found {n the fuel cycle. It {m a constant con-
cern at Lom Alamos to develop uaeful measurcement
control (MC) checks to provide quality assurance
of the {natruments. Some of the {(nwtrumenis
have bheen inatalled {n plants and have been op-
erated by plant personnel for as long as 10
yrars. During this period, wmuch operational

Aork mupported by the US Department of Energy/
Office of Safeguardm and Recurity,

experience has been accumulated about MC checks,
which detect potential problems that, unde-
tected, would degrade measurement relisbility.
Thie paper describes the evolution of the MC
checks in the various high-resolution gamma sys-
tems (HRGS) we have develogped.

I1. EVOLUTION OF MFASUREMENT CONTROL

Table 1 lists the various HRGS we have de-
veloped and i{nstalled in plants over fhe years.
The segmented gamma scan (SCS)1 ie one of the
earlier systems developed ton assay low-density
scrap and waste. The Los Alamos SGS design in-
corporates a computer with 16~k words of memory,
which {8 also used for the multichannel analyzer
(MCA) wemory. Because of limited memory, the
only MC check bujlt into the system is a dafly
check of the calisration constant. The SGS uses
single-gain dig'.tal stabilization. Over the
years we found that the system requires vigi-
lance by the operators to check the resolution
of the detector and the amrplifier gain. Because
the digital stabilization greatly reduces the
giin drift, {cv 1a a highly desirable component
for plant syatems., The second HRGS, the uranium
solution assay seyatem (USAS),2:? was installed
at the uranium reprocesaing faciif{ty at Los
Alamos in 1975. The USAS has a gain check built
into the computer program and also requires a
uranfum foil assay daily to check the cal)'ra-
tion conatants. The USAS monitors a pulser peak
area [or vate loss correction; the computer pro-
gram therefore also checks the pomrition of the
pulne: peak. These checkn, though mnodeat {n
scope, have boen extremely umeful during the
pant B years of plant use. Problems such an the
drifting ot the pulwer voltage output in an en-
vironment where temperature may f{luctuate as
miuch an 20°F {n one day, aging electronic compo-
nenta, and detector detericration, were readily
detected.

The aclution annay fnstrument (SA1, firmt
generation)® Y constats of two different hari-
wate configurations of the meamurement principle
developed by J. I,. Parker.® oOne SA1,% based on
a Data General computer with a custom-built MCA
and asseably language programming, calcualates



TABLE 1

MEASUREMENT CONTROL IN HIGH-RESOLUTION GAMMA~RAY NDA SYSTEMS

Generic Check . Diagnostic Check
Plant
_ _____System  Accuracy Precision Gain-Zero Background hesolution Peak-Ratio Installation
Segmented Gamna Scan 1973-present
(86Gs)a
Uranium solution assay x x 1975-present

system (USAS)b

Solution assay instrument

(SAI)
(Fitst generation)® x x (x) (x) (x) (x) 1979-present
{ Gecond generution)d x x x x x x 1981-present
TOKAI densitometer® A x x X x 1979-present
Low eolution asesay X x X x x x 1982-present
inetrument (LOSAI)f
Note: x ¢ This check 18 in the computer program.

(x): This check may or may not be in the computer program (explanation in text).
A : This check 18 done by administrative control.

FRet. 1. 7 ottt TT
bRefs. 2 and 3.

CRefs. 4 and 5.

dRef. 7.

€Refs. 9 and 10.

fRef. 13.



the short-term random error is vithin reasonable
limits. The main features of these checks are

Accuracy Check
Purpose: Check againat detector efficiency

change, detector-to-sample position
change .
Chezk: T = (Wy - W)/

Wo = accepted value of stable standard
or secondary standard.
Wy, Uy = measured value and ligma.ll

Precisjon Check
Purpose: Check againat short-term fluctuations
that may exceed the statistical fiuc-
tuations. Especially important if the

system 1involves moving mechanical

parte.
Check: Reduced X2 = S2/0%.
Sg = variance due to n repeated meas-

urement .
0% = variance due to counting
statietics.

The generic MC huve been in use at the Los
Alamos Plutonjum Facility for several yeers.
The wealth of information accumulated can be
atudied to determine the {nstrument performance
in a number of arecas and to determine the usc-
fulness of the generic checks. Part of the
study of this information {8 being presented
elsewhere in this conference, 12

Over the years we found that the generic
MC did reveal mechanical problems such as &
sticky shutter in the SAI (caumed by the acid
environment of the glove box). However, the
generic MC can be satisfied even if (a) the de-
tector resolution has deteriorated or (b) the
system galn has ahifted. The reaolution degra-
dation {s caused by neutron damage, from {n-
creaned electronic noise or by detector aging.
The system gain ahift may result from a faulty
digital stabiliear or & gross gain shift that
cannot be corrected by the stabilfrers. The
generic MC would not reveal theswe problems. 1In
addition, the genetlc MC {ndicate orobless but
they do not {ndicate thelr origins.

In developing new ftustruments msuch ma the
SAL (mecend gunvrnllun)7 and the LOSATL) for the
factlity, we added the diagnortic MC to comple-
sent the generic MC. The diagnoatic MC have
boen in use for about 2 years and have been
valuable {n revealing Jnstrumental problems
earlier than did the generie M. The diagnostic
MC ahown in Yig., 1 detects the previously un-
detected errortn mentioned above. There are two
major difteroncen bhatween the generic and diag-

- ACCURACY
GENERIC CHECK
MEASUREMENT LT o
| ConTROL " PRECISION
T T CHECK
MEASUREMENT | " BACKGROUND |
CONTROL CHECK |
A RESOLUTION
CUAGAISTIC | ’{ CHECK
MEASUREMENT ‘» b ]
CONTROL ZERO~GAIN
— CHECK
PEAK RATIO
CHECK

Fig. 1. Generic and diagnoatic MC checks.

nostic MC: the diagnostiz MC in general have
no statistical basis, in contrast to the generlic
MC. The diagnostic checks are performed before
the assay results are calculated, whereas the
generic checke are performed after the assay
results are calculated, Below is a description
of the diagnostic checks included.

(1) Baclground Check
The need for this check is obvious. The
background {s measured daily. 1f the back-
ground counting rate 4iu efther energy
region of {nterest exceeds predetermined
li{mits, the assa’ chbacber must be cleaned.

(2) Resolution Chech
Thin check 1s performed on the two peaks
uned for gain and zero etahilization. Be-
cause the detector remolution depends on
the grosa counting rate, the limivs arc wet
at 20X above the resolutionk of these two
peaks at  the hlel it expected vcounting
rate. If these limite ace exceeded, a
warning message in giver.

(1) Zero-Gain Check
This check {# performed te ancertatn that
the zero and gain have not drifted from thoe
orfginal values. The check {n performed
on the two peaxs used for wtabliliratton,
The limite are 11/2 channel fiom  the
channelx set on the atabllifrera,

(4) Peak Ratio Check
This check 1o performed to reveal changen
fn detector relative efficfency and nofwe
level. The limi{t {n aet at 3 wipma from
the extablinhed ratio. Thie check wan im-
plemented {n  the sMt™ /7 to tndicate an



accidental movement of the dstector rela-
tive to the sample chamber by measuring the
ratio of the counting rates from the cad-
wium source fixed to the detector and the
plutonium transmission source fixed in the
shutter. The 414-keV (23%u) to B88-keV
(109¢d) peak ratiocs are checked. The
ratio check has been found to be sensitive
to other {nstrumental problems. First, a
large 1increase in the electronic noise
uvsually shows a different relative detec-
tion efficiency for a low-energy peak com-
pared with a high-energy peak. Second, if
the SAI shutter fails to open fully, the
peak ratio will not be within acceptable
limits.

I11. RECOMMENDATIONS

The combination of generic and diagnostic
MC checks has been applied to two HRGS plant
tnetrumente’»13  that have several years of
plant operation. We found both the generic MC
and diagnostic to be necessary and recommend
their {ncorporation in all future high-resolu-
tion gamma-ray instruments from Los Alamos.
Clagnostic checks ure also being developed for
Jdeitron assay systema.
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